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rob~em State t 

Lunar Site Preparation Vehicle For NASA 

Team TH 3:30 

The problem to be solved by this Design Project is that of Lunar surface preparation for the even- 
tual construction of a lunar space station. We are proposing to NASA a design for a vehicle that 
will transport lunar soil as an aid in the civil engineering effort. The proposed vehicle shall include 
a form of scooping up 3 cubic yards of lunar soil and directly depositing it into a bin. Once the bin 
is full, the mobile assembly will deposit the payload at another preselected site within a 300 yard 
radius. The vehicle shall operate at least 6 hours on one charge with an average removal rate of 18 
cubic yards per hour. The vehicle when fully laden shall be capable of climbing an incline of no less 
than 14 degrees from horizontal at any time during a charge. 

Prior to assembly, the largest subassembly shall be no more than 4 feet high, 22 feet long, and 9 feet 
wide. The maximum permissible subassembly weight shall be 2500 earth pounds. 

Major materials technology considerations are radiation effects, dimensional stability and thermal 
control coatings. Materials will be subject to repeated thermal cycles of +/- 125 C,  ultra violet ra- 
diation, vacuum in the range of 10E-11 to 10E-19 Pa, space debris and large doses of high energy 
protons and electrons. Advanced graphite reinforced composites are among the best material 
choices. Aluminum and titanium treated with long-life coatings (required to keep the vehicle within 
design temperature limits) will also be investigated. 

Our design shall minimize the number of moving parts which create frictional heat dissipation 
problems. Furthermore, the required maintenance shall be minimized due to adverse conditions 
affecting the repair and obtainment of replacement parts. 

- 

- 
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System Details 
The Lunar Surface Preparation Vehicle that we are proposing is comprised of 9 major subsystems. 
They are: 

1. 

2. 

3. 

4. 

5 .  

6 .  

7. 

8. 

9. 

System Details 
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Frame Subassembly 
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SUBSYSTEM : FRAME 



The frame subassembly is the basic box on which the other subassemblies are mounted. 
The accompanying figure shows the pivot shaft for the pan subassembly mounted in 
pillow blocks. 

The majority of the frame is aluminum rectangular solid and square tubing. The fenders 
will serve to control dust and to hold hydraulic fluid radiators for cooling the fluid. 
Roller bearings (shown in section) are utilized to guide the extension of the scraper from 
the frame. 
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. Track Subassembly. 
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The traction drive torque requirement has been based on a wheel/soil friction coefficient 
of 0.6 for maximum speed and maximum torques for negotiating 14 degree slopes. Each 
track is driven separately by a hydraulic motor,and vehicle braking is supplied by hy- 
draulic motor shaft brakes which use oil baths to dissipate heat efficiently. 

The tension on the track is controlled by a hydraulic piston mounted to the main frame. 
This allows the tracks to easily be removed when in need of repair.the track is turned 
by a sprocket and is directed along two idlers and three rollers. Periodic stops need to 
be taken during operation to allow the sprocket and chains to cool down, this being due 
to high friction. 

FENDER 

The fender should be made of a light material with minumum strength characteristics. 
The part will be continually exposed to radiation, cosmic dust, and sudden temperature 
changes. These factors must be considered because they cause significant changes in the 
mechanical properties of materials. Ductility should also be high since the material will 
be bent to a certain shape. 

The Al-Cu-Si alloys have good mechanical strength, and with a high Si content, a useful 
series of alloys of excellent corrosion resistance can be chosen from. Al also has a 
melting point of 660 C. Magnesium can also be added to improve ductility. The A1 alloy 
selected for the fender should be chosen from the work-hardening (non-heat-treatable) 
wrought alloys group of high corrosion resistance and high ductility. 

TRACK SHOES 

The tracks must be made of a high strength material that is high temperature resistant. 
Many material processes can be considered when choosing the material (ie. cast, forged, 
or machined). A light material is preferred to limit power consumption. Titanium alloys 
have the best combination of strength and lightness at temperatures tested to be too high 
for aluminum alloys. Ti can be forged under controlled hot-working ranges. It also ex- 
hibits extremely good wear and corrosion resistance. Ti has been chosen for the tracks 
shoes. 

IDLERS. CHAIN & SPROCKET 

The idlers and chain & sprocket assembly will be exposed to very high temperature 
conditions due to friction. The material must have high strength and good casting or 
machining properties. 

The high strength and toughness that can be achieved in alloy steels are factors that 
make them suitable for our use. Steels which are hardened by martensitic transformation 
achieve high temperature properties with some sacrifice of room-temperature strength. 
The steel alloys possess an excellent combination of mechanical properties and they are 
not difficult to fabricate or weld. The corrosion resistance is certainly not as high as 
would be desirable, but the actual rate of corrosion is fairly low. 

TRACK FRAME 

The main strip, which is a guide for the chain, needs to be made of the same material 
as the chain & sprocket. It will operate under high temperature conditions and needs 
to have high strength. 

The guards for the main strip and chain will prevent any debris from lodging in the 
chain. It will not require the same strength characteristics as tbe chain. An aluminum 
alloy would provide the needed corrosion resistance, and strength for the guards. Alu- 
minum can easily be machined to the desired shape. 

LUBRICANTS 

The behavior of materials under conditions of contact friction is a serious problem at 
low pressures. The materials that perform most successfully are those which form weak 
pressure-welded joints (ie. lead, steel, aluminum, and copper). But even these are unsat- 
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isfactory at very low pressures. If the bearing surfaces can be surrounded by a vacuum- 
tight enclosure, then normal lubrication methods can be adopted. One of the silicons, 
because of its low vapor pressure, would be advantageous if a vacuum-tight seal is not 
possible. Some of these are reported as having operated successfully for several thou- 
sand hours at 10E-5 mm Hg pressure. 

BRAKES 

Hydraulic motor shaft brakes provide consistent braking torque, positive hold, and long 
life. The high repeatability in performance is due to a wet braking system which supplies 
an oil bath for various parts to operate in. The seals for the brakes need to be modified 
to account for the low pressures encountered in space. Teflon seals provide the necessary 
requirements under these conditions. TFE seals are specified. 
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Scoop Subassembly 

System Details 10 



SUBSYSTEM : SCOOP 

. 



The scoop subassembly is composed of a .975 cubic yard bucket that extends from the 
front of the vehicle on two 4x4" square AI 2024 tubes with a 112" wall thickness. The 
scoop subassembly serves as an aid in filling the pan and it also is used to pull the entire 
vehicle out of a depression or over an obstacle up to 9 inches high. In its fully closed 
position the scoop is flush with the front of the pan. The bucket extends up to 5.6 feet 
in front of the vehicle from this position and rotates a maximum of 90 degrees. The 
maximum cutting depth is achieved at a bucket angle of 45 degrees relative to the closed 
position. The maximum depth of cut of the bucket is 6 inches. The approximate weight 
of the entire scoop subassembly is 600 pounds. 
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The pan subassembly is the container for the transport of the lunar soil. The volume 
of the pan is 3.5 cubic yards. It is predominantly constructed of 1/2” aluminum plate, 
welded to form the sides of the container. The base of the pan is 1” plate reinforced 
with 1/2” ribs. A standard cutting edge is being employed in the design. 

The pan is hinged at the rear of the subassembly. This location was chosen to minimize 
the tilt angle for a given cutting depth. A smaller tilt angle will ease the flow of the soil 
into the pan. The maximum cutting depth of the pan is 6 inches. This depth was chosen 
because of the traction and power limits that are obtainable in the lunar environment. 

Emptying the pan is accomplished by pushing the movable rear wall forward while tip- 
ping the pan from horizontal. 
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Cab Subassembly 
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The Cab measuring 5‘-IO’’ wide, 5’-9” long, and 6-7” high is located on the front third 
portion of the main frame. Placement of this subsystem above the pan entrance provides 
protection to the operator from dust particles while still enabling him the full scope of 
vision of the scoop and its scraping movement. The cab consists of the operator’s seat, 
the display and control consoles, hand control drive levers, and a protective roll bar ( 
the later two of which are described more explicitly in their respective sections). 

The floor panels and interior of the cab are constructed out of an aluminum alloy. One 
tubular aluminum seat is positioned in the cab center and rotates at an angle of 75 de- 
grees from the normal allowing the operator ease of movement when getting into and 
out of the seat. The seat swivels to either side, the astronaut sits down, and it moves back 
to the normal position where it locks into place. Arm rests made of fiberglass are 
mounted on both sides to provide support for the arm while operating the hand controls. 
The seat is made of nylon webbing with attached Velcro adjustment straps serving as a 
seat belt and restraint for the portable life support system (PLSS). The seat back is re- 
cessed and alleviates the astronaut by supporting the weight of the PLSS while sitting 
in the seat. There are two adjustable foot rests with toe holds that can be used in the 
up or down position. Three video monitors make up the display and control unit and 
are positioned in the very front of the cab. The display consoles are treated with a heat 
resistant paint and the other remaining components that make up the cab are coated 
with a heat resistant aluminum oxide for protection from the exposure to high temper- 
atures. 
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We shall begin the calculations based on a single 8 HP DC electric motor. 

Our choice will be: RATIOTROL M327TF-B 

-. 

A suitable line pressure of 1000 psi is dictated to reduce hydraulic cylinder leakages to 
roughly 4 in per minute. Our choice of pump is the Hydreco 1510ClBl. This pump 
coupled to the above motor shall produce 8 GPM at 1200 psi line pressure. Suitable 
downrating shall produce approximately 8 GPM at 1000 psi line pressure. These con- 
ditions shall provide our constraints. Wherever possible, the hydraulic cylinder will be 
operated in tension. This will reduce the available force by roughly 50%, but this will 
eliminate any buckling tendencies. 

SUBSYSTEMS 

1.) Scoop: 8 GPM total available at 1000 psi line pressure. 

The sc&p shall add to the effective drawbar pull available. A nominal stroke of 4 feet 
is desired as well as a large piston area. 

A suitable choice is the DUKES Series WT-4048. 

This is a dual acting cylinder with a 4 in. bore, 2.5 in piston, and a 48 in. stroke. This 
cylinder provides an effective tend loading area of 7.69 in . Two cylinders acting in 
parallel would provide 15.38 in . Using an available line pressure of 1000 psi would 
provide a 15,300 Ibf scraping action. This force, along with a driven drawbar pull of 
2000 Ibf is equivalent to 17,300 Ibf. This force is comparable to medium sized earth 
bound handling equipement. Furthermore, typical lunar soil is modeled as wet sand 
having low shear requirements. Thus, we believe that adaquate power is available to 
pick up lunar top soil. 

Scoop System engagement speeds are as follows. 

This design allows negligible compressive forces to be placed on the cylinder piston while 
extending the scoop subsystem. 

2.) Bucket: 8 GPM available at 1000 psi line pressure. 

The bucket hydraulics shall position the blade to the required depth of cut. A nominal 
stroke of 25 in. is necessary as well as a large piston assembly. 

A suitable choice is the DUKES Series WT-4030. 

This is a dual acting cylinder with a 4 in. bore, a 2.5 in. piston, and a 30 in. stroke. This 
cylinder provides a compressive area of 12.6 in . Two cylinders acting in parallel will 
provide 25.2 in.  Using the 1000 psi line pressure available, this system would provide 
25,200 Ibf. The cylinder will be extended 8 in. when the bucket is at its outermost po- 
sition to aid in achieving a favorable mechanical advantage at its maximum cutting 
depth. The buckets' hydraulics operate on a lever arm principle. The transmitted force 
at the blade edge is 

at a maximum cut of 6 in. depth. 
time, no accumulator is planned. 

Since this pressure is required for a relatively short 
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Bucket travel speeds: 

3.) Pan: 8 GPM available at 1000 psi line pressure. 

The pan hydraulics shall act to lower or raise the pan to the desired depth of cut or to 
raise the pan while trasporting soil. 

A nominal stroke of 9 in. is necessary, but a smaller piston assembly is allowable. Al- 
lowing for a 3 yd capacity and a soil density of 2.5 g/cm , total soil mass will be 2100 
lunar pounds. The mass of the pan is estimated to be 300 lunar pounds, thus a total 
of 2400 pounds will be raised or lowered. The center of gravity of a full pan is ap- 
proximately 5.2 ft. from the hinge point. The cylinder will act at this point. Our con- 
straint shall be to lift a weight of 2400 lunar pounds a distance of 9 in. 

We shall choose a DUKE Series WT-3012. 

This is a dual acting cylinder with a 3 in. bore, a 1.25 in. piston, and a 12 in. stroke. 
This cylinder provides a tend area of 5.84 in. Two cylinders in parallel provide an area 
of 11.68 in . A line pressure of 1000 psi shall offer a force of 11,600 lbf. Since our 
minimum requirement is 2,400 Ibf, a safty factor of 4.8 is acheived. A flow limiter of 2 
GPM per cylinder is required to gently position the pan at the desired cutting depth. 

Travel speeds for 2 GPM are: 

4.) Ram: 8 GPM total available at 1000 psi line pressure. 

The ram hydraulics shall be used to push out collected soil from within the pan. Weight 
of soil is 2100 lunar pounds and estimating the coefficient of friction at 0.2, required 
force shall be 420 lbf. Since two rams are being used, each shall have to deliver 210 lbf. 
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Due to a short compressed length and long extended length a dual acting telescoping 
cylinder must be used. 

5.) Track 8 GPM total available at 1000 psi line pressure. 

The track hydraulics shall serve to move the idler wheel in order to tighten the track. 
This will also facilitate repairs or maintenance as required. 

A nominal stroke of 6 in. is necessary and smaller piston cylinder assembly is allowable. 
Each cylinder may act independantly of the other. It is estimated that a force of 500 lbf 
will be required to accomplish this task. 

A suitable choice is the DUKES Series WFC-1506 dual acting cylinder with a 1.5 in 
bore, a .63 in. piston, and a 6 in. stroke. 

This cylinder provides a compressive area of 1.77 in . A line pressure of 1000 psi will 
allow a force of 1700 lbf. Since the estimated force required is 500 lbf, a factor of safty 
of 3.4 is acheived. 

Since this force will be held for long periods of time, an accumulator will be required. 

The flow rate must be lowered to 0.1 GPM to achieve gentle tightening of the track 
system. This metering would provide a 0.22 inch per second positioning rate. Further- 
more, an adjustable relief valve should be used to fine tune the actual force necessary. 

An alternate design would include a spring and threaded rod-nut assembly, however this 
alternative would prove difficult to use in the adverse lunar conditions. 
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Calculation of power requirements. 

Total Tractive Effort - T.E. 

( 4 .  T.E.= RR + GR + FA + DP 

A.) Rolling Resistance - RR 

R = 150Ibs 

3.) Grade Resistance - GR 

GR = %&mi@ &vm/ 
100 

14 degree slope = 25% Grade 

C.) Acceleration Force - FA 

D.) Estimate Drawbar Pull - DP 

DP = 2000 lbs 

E.) T.E. = RR + GR + FA + DP 

Evaluate All Possibilities 

1. Empty 

2. Empty + 25% grade 

3. 

4. Empty + drawing 

5. Full 

6. Full + 25% grade 

7. 

8. Almost full + drawing 

Empty + 25% grade + drawing 

Almost full + 25% grade + drawing 
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Power requirements wiII be as follows: 

1. 225 + + 50 = 275 

2. 225 + 375 + 50 = 670 

3. 225 + 375 + 50 + 2000 = 2670 

4. 225 50 + 2000 = 2755 

5. 540 + 160 = 700 

6. 540 + 900 + 160 = 1600 

7. 540 + 900 + 160 + 2000 = 3600 

8. 540 + 160 + 2000 = 2700 

thus, the force requirements are: 

1. 275 lbs 

2. 670 Ibs 

3. 2670 Ibs 

4. 2275 Ibs 

5. 700 lbs ~ 

6. 1600 lbs 

7. 3600 lbs 

8. 2700 Ibs 

total 

F.) Calculate Hydraulic Motor Toraue 

0 r = wheel radius 

0 

0 

Through trial and error, as well as trade-offs, we shall use the following. 

We believe that acheivement of possibilities 1, 2, 5, 6 are imperative. Other possibilities 
will be met through the use of the scraper, or can not be met with reasonable power 
considerations. 

N = # of drive motors 

G = effective gear reduction. 

Choice of hydraulic drive motor. 

Rexroth/Carron wheel hub, rotating case motor. 

0 Part number CH(B)300/430 

0 Displacement 26.2 in /rev 

0 

0 

Torque Output = 348 lb.ft/lOOO psi * operating pressure 

Maximum Speed = 400 rpm 
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The most strenuous constraint is I600 lbs 

The least strenuous constraint is 385 lbs 

1600 lbs constraint: 

Operating pressure can now be determined: 

385 lbs constraint: 

Operating pressure can now be determined: 

thus, operating pressure shall nominally range from 550 psi to 2300 psi. 

A suitable mdtiplication factor of 1.20 is required to take care of pressure losses in 
piping, flow control valves and other pumping losses. Thus, needed pressure will range 
from 660 psi to 2760 psi. 

We now need to calculate the flow rate equivalent to achieve a 10 mph cruise. 

A suitable pump must now be chosen. We have chosen a Rexroth 
lPV2V4-10/50RDMl60Al. This pump would be modified to achieve 2800 psi safely. 
It’s present form will handle 2400 psi safely. 

ELECTRICAL POWER REOUIREMENTS: 

using the following formula, 

~ p =  GPM xpsL - 
/7 /4  f y 

typical efficiency is roughly 85%, thus 

3 7,3 de HP = /& GPM x b6Opsi 
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For an additional margin of safety, a 10 HP. D.C. electric motor shall be chosen. The 
part number is RATIOTROL M3 2 10 T/TN. 

The previously mentioned hydraulic hub motor, hydraulic pump, and electric motor 
shall be used in pairs; one pair for each of two track systems. 
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Drive Controls 
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The drive control system should be in a "fly by wire" arrangement. This adds to the PAN 
systems versatility by allowing for remote control operation and simultaneous operation 
of several pieces of equipment. The PAN should be continuosly monitored by an on- 
board computer system to ensure proper vehicle operation. In the case of a system 
malfunction or an attempt to excede a design specification, a low power FM radio 
warning should be transmitted to the operator. A selective manual overide should be 
available in case of a computer malfunction or a specific need to attempt to exceed 
normal design specifications. However , if no response to the computer warning is made, 
then the system should engage an immediate and safe system shutdown. The display 
system should show all pertinent operation information on the centrally located monitor. 
In addition, this information should be relayed via radio telemetry for remote control 
operation. The video monitor should display such data as: pan angle , drive motor load 
, % pan capacity used , hydraulic and motor temperatures , speed , vehicle grade angle 
, power consumed , time until 'empty' at present consumption rate , etc. The use of bar 
graphs in addition to numerical data is recommended due to the difficulty of quickly 
interpreting digital data alone. The display monitors should have integral sun screens to 
prevent excessive washout in direct sunlight. The front panel switches and circuit 
breakers should be convenietly located under the central monitor and be of the same 
type as used on the space shuttle. The two additional monitors in the cab are to aid 
the operator in situation where he needs to see the extreme front or rear of the vehicle. 
The monitor on the left side of the cab would normally be used to show the rear of the 
pan, but can be switched to show video from other camera locations. The monitor on 
the right side of the cab is normally used only as a backup in case one of the other 
monitors fails , but it can be used to display an additional camera view for difficult sit- 
uations such as parking the pan or maneuvering in other tight situations. 

HAND CONTROLS 

Right Hand Control. Pull stick back to engage parking brake and release by pushing 
the stick to the right. Engage reverse by pulling the stick to center position, flip down 
the reverse switch, and pull the stick backwards. The reverse switch automatically en- 
gages the monitor to display the rear view. Turning to the left or right is effected by the 
corresponding movement of the joystick. 

Left Hand Control. The scrape angle is set by movement of the ratcheted slide left hand 
control. By pulling to the full rear (past zero) the pan is automatically emptied. The 
scoop is extended when the button is pressed down. The bucket angle is selected in 
conjunction with the pan tilt/ scrape angle if the scoop is fully extended. If the scoop is 
not fully extended then it remains tilted up so the pan can be used in a conventional 
manner. 
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Thermal Control Systems 
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The hydraulic pump motors are housed inside the fluid storage tank. These motors assist 
in maintaining the hydraulic fluid at the proper working temperature. When the hy- 
draulic fluid approaches the maximum allowable operating temperature a switchable 
radiative heat sink should be employed. By using electronic solenoid valves,the radiators 
can be selectively employed ( one , both , or bypass should one unit fail ) The radiators 
should be similar in design and operation to those used on the original lunar roving ve- 
hicle. They are particularly well suited for placement on the fenders of the track drive 
assembly. The radiators should have removable covers to protect them from dust accu- 
mulation and damage during normal operation. These covers should be able to be 
opened manually or automatically for cooldown after operation of the pan. The covers 
should close automatically when the lower operating temperature is reached. This can 
be accomplished by using bimetallic springs which are thermally activated. The heat 
generated by the drive system motors is more difficult to control. The best method to 
remove this heat is to incorporate the use of thermal straps and fusible mass heat sinks 
( as was used to thermally control some parts of the lunar rover ). These fusible mass 
heat sinks should be located with the battery/fuel cell power supply so as not to waste 
the heat. The fusible mass heat sinks should also be located next to the hydraulic fluid 
storage tank. This way the power supply , fusible mass sinks , and the hydraulic fluid 
can be simultaneously maintained at proper operating temperature , and still keep 
cooling capacity for any or all of the units should they need it. The electronic subsytems 
also need to have thermal control devices. The cental processing unit, display systems, 
and other heat generating components can be attached to fusible mass heat sinks via 
thermal straps. The drive control /display electronics subsystems should have a seperate 
battery system to isolate them from the motor power units. Therefore, the fusible mass 
heat sinks should be located so that they can dump some of their excess heat to maintain 
proper battery temperature. However, with the advent of low power electronic circuitry 
since the era of the lunar rover, it should not be necessary to include the drive control 
electronics in the main radiator system. 

Passive thermal protection must not be neglected either. Consideration must not only 
be given for heat management during operation, but also during boost, orbit, translunar 
flight, landing and intermittant storage while on the moon. 

Normallly these problems can be easily overcome by strategic use of reflective 
aluminized mylar, fiberglass type insulation and special surface finish anodization and 
paints). 
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Conclusions 
The design of the cab and its components is based primarily on the contributing human 
factors. All sizing of the seat, the height of the cab, placement of hand controls & foot 
rests, and the location and arrangement of video monitors were done with the astronaut 
in mind.Zones of comfort and reach served as primary aids in deciding where each cab 
assembly unit was to be placed in relation to each other. To the best of one’s knowledge, 
the cab as it stands at present would be comfortable enough for someone dressed in a 
spacesuit to move around and adequately operate the controls. Heat dissipation will 
prove to be one of the worst problems encountered that would effect the vehicle as a 
whole. To avoid problems with specific members of the machine, a cool down period 
will be required between uses of the vehicle. The power requirements for a vehicle of 
this magnitude will require state of the art in battery technology. It is assured that bat- 
tery packs that are easily replaceable will be required. Tracks were chosen over con- 
ventional wheels because of the added traction obtained. Two idlers are staggered in the 
front of the track to increase the rolling radius of the vehicle. This design will allow the 
vehicle to maneuver over large obstacles with less difficulty. Even though titanium is 
very expensive, tracks designed with this material are considerably lighter than an 
equivalent strength steel, and are more wear resistant than aluminum. - 

Conclusions 
Fk 

36 





Appendix A. 

Appendix A. 



Culculutions 
TRACK LENGTH 

If the torque required to slip the wheel (TS) is less than the hydraulic motor torque (T) 
then the performance objectives cannot be achieved. Actually it may be desirable that 
the track slip when excessive loads are imposed to prevent hydraulic system overheating 
if the vehicle becomes stalled. In this case TS should be slightly larger than T. 

When calculating TS above, a wheel radius of one foot was used. Actually the equivalent 
r value for the tracks will be larger than one. The tracks have 8.25 feet of contact sur- 
face, and a wheel with a two foot diameter will have approxiamately .79 feet of contact 
surface. This gives us a factor of safety of 10.44. Therefore, the tracks provide the re- 
quired torque needed to move the vehicle. 

T S  = 

TS 2 160 ft, Ib 

G=. g e a r  rp+io 
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Weekly Progress Reports 



E 4182 WEEKCk PROGRESS REPORT 

PERIOD: 1/10/85 THRU : 1/17/83 TEAM NO.: Th 3:30 

TITLE: Lunar Surface h e p a r a t i o n  Vehicle f o r  NASA 

COMMENTS : 
Reseached information on thermal charac te r i s t ics  of L u n a r  surface, 

the L u n a  Roving Vehicle used i n  the Apollo Missions, possible power 
systems t o  be used i n  the vehicle, materials t o  withstand the Lunar 
environment, and heavy- cons t ruc  tion/earth-moving equi ptmen t . 

Preliminary design considerations were discussed and rough sketches 
of i n i t i a l  concepts were so l i c i t ed  from a l l  group members i n  a brain- 
storming e f f o r t .  

Located NASA personnel who worked on the L u n a r  Rover / space power 
systems /and bearings and lubrication. 

The need f o r  more information concerning s i ze  constraints,  degree of 
assembly, and transportation requirements from the Earth was established. 

Future meeting times scheduled, individual respons ib i l i t i es  discussed. 

NAME, INITIALS 

I )  Hurley, C. 

2 )  Insol ia ,  G. 

3 )  Leon, PI. 

4)  Robertson, J. 

5)  Scheffler,  W. 

6 )  Vallelian, D. 

TOTALS = 

HOURS 
ENGINEERING TECHNICIAN CLERICAL 

2.5 

2 3 

2.5 2 

2 

2 

2 

6.5 11.5 

T O T A L  

2.5 

5 

4a5 

2 

2 

2 

18 



M€ 4102 WEEKLI PROGRESS REPORT 

TITLE: Lunar S i t e  Preparation Vehicle f o r  NASA 

COMMENTS : 
Our primary a l loca t ion  of time involved the search f o r  background 

materials. Jack performed an on-line database search w h i l e  i n  Huntsvil le.  

More information is  still on its way. Data w a s  obtained from the VSMF on' 

cab dimensions, v i s i t s  were made t o  l o c a l  construct ion equipment d i s t r ibu to r s .  

Research w a s  performed regarding lubr ica t ion  coat ings on NASA LRV. 

Information w a s  found on Soviet  L R V ' s  and on lunar  s o i l  mechanics. 

NAME. I N I T I A L S  

l )Leon,  N. 

2 ) Robertson, J . 
3)Hurley, C, 

4) Schef f le r ,  B, 

5 ) I n s o l a ,  G.  

6) Vallelian, D 

TOTALS = 

HOURS 
ENGINEERING TECHNICIAN CLERICAL TOTAL 

1 4 5 
20 20 

3 5 
3 4 

4 5 

4 5 
6 38 44 



HE 4102 WEEKL'r PROGRESS REPORT 

PERIOD: THRU: FEB. 1-7 TEAM NO.: TH 3:30 

TITLE: Lunar S i te  Prepartion Vehicle for  NASA 

COMMENTS : 

A t r i p  was made to  Yancy and Marco Polo construction companies 
t o  look a t  the design of a pan. Group members read l i t e r a tu re  on the 
lunar rover, cab specifications,  and lunar soil  conditions. A pro- 
duction meeting was held Sunday where several design options were 
evaluated and an i n i t i a l  design was selected. 

ME ET I NG M I NUT E S 
- Pen payload-constraints decided on 
- Max. vehicle weight established 
- Need t o  find a torque vs. vehicle weight requirement - based on 

only source will be approximately 5 lb ,  vehicle w t .  per 1 f t .  l b e  torque 
- Design options evaluated and  a ' best '  option was selected t o  begin design 
- System components were identified and divided among group members for  

research, deveslope, and design 

NAME, I N I T I A L S  

1) Leon, M. 

2 )  Robertson, J .  

3 )  Hurley, C. 

4)  Insolia, G. 

5 )  Vallelian, D. 

6 )  Schreffler,  B, 

TOTALS = 

HOURS 
ENGINEERING TECHNICIAN CLERICAL TOTAL 

2 3 5 

3 3 6 

6 2 8 

4 

3 

3 7 

2 5 

3 3 6 

2 1  16 37 



PI€ 4182 WEEKL'r PROGRESS REPORT 

PERIOD: Feb. 8 THRU: Feb.14 TEAM NO.: Th3:30 

TITLE: Lunar  S i t e  Preparation Vehicle f o r  NASA __ 

COMMENTS : 

Information obtained from NASA l ib ra ry  i n  Hun t sv i l l e ,  A l .  d is-  
persed among group members,. 

Alternative designs f o r  scraping method designed by group members. 

Related topics  investigated i n  "Construction"and '% ompressed A i r "  
periodicals.  

Center of gravi ty  s tud ies  of possible pan beds performed. 

N e w  information obtained on related projects ,  

Equipment observed in ac t ion  a t  construction s i te  

NAME, I N I T I A L S  

Hurley, C . 
2)  Inso l ia ,  G. 

3 )  Leon, M. 

4 )  Robertson, J. 

5 )  Scheffler,  W. 

6 )  Vallelian,  D. 

TOTALS = 

HOURS 
ENGINEERING TECHNICIAN CLERICAL TOTAL 

1 2 3 

2 1 3 

3 3 
5 5 

3 3 

-5 3 3.5 

6.5 14 2~.5 



E 4102 WEEKLI PROGRESS REPORT 

PERIOD : THRU: Feb 13-21 TEAM NO.: TH 3:30 

TITLE: Lunar Site Preparation Vehicle for NASA 

COMMENTS : 

This week was spent discussing and deciding on various 
design proposals. The group met on a couple of occasions and seL 
lected the design for final analysis. Through use of the CADAM sys- 
tem, preliminary drawings and revisions are beingmade. 

,’ 
,’ 

NAME, I N I T I A L S  

1) Leon, M. 

2 )  Robertson, J. 

3 )  Hurley, C. 

4) Schreffler, W. 

5 )  Insolia, G. 

6 )  Vallelian, D. 

TOTALS = 

HOURS 
. ENGINEERING TECHNICIAN CLERICAL TOTAL 

3 3 

3 1 4 

2.5 1 3.5 

2.5 2.5 

2 3 5 

2 2 4 

15 3 4 22 



IE 4102 KEKLt PROGRESS REPORT 

PERIOD: Feb. 22 

Lunar Site Preparation Vehicle For NASA TITLE: 

COMMENTS : 

CADAM system. This System was also used to model the hydrau- 
lics, as well as a micropressing unit to help in the typing 
of the final report. 

The final drawings were completed this week on the 

NAME, I N I T I A L S  

1) Insolia, G 

2 )  Vallelian, D. 

3 )  Hurley, C. 

4) Leon, M. 

5 )  Robertson, J. 

6 )  Schreffler, B. 

TOTALS = 

HOURS 
ENGINEERING TECHNICIAN CLERICAL TOTAL 

18 18 

10 2 12 

4.5 1.5 6 ,  

9 2 1 1  

.5 1 E.5 

2 1 3 

4a 0 3. S 51-5 



?E 4132 WEEKL’r P R 0 G RE S S REPORT 

PERIOD: March 1 THRU: March 7 TEAM NO.: TH 3:3O 

TITLE: h n a r  Surface Preparation Vehicle f o r  NASA 

COMMENTS: 

-Group meeting t o  d e t a i l  subsystems, se t  pace f o r  rest of quarter. 

Researched NASA documents i n  l i b ra ry  

Pa r t i a l  completion of hydraulics design and specification 

Preliminary drawings updated, c l a r i f i ed  

I 

Rough draft of f i n a l  report  compiled - necessary par t s  of final 
report  e x i s t  but need t o  be rearranged in to  f i n a l  format. 

Detailed drawings of subsystems need t o  be completed. 

NAME, I N I T I A L S  

Cindy Hurly 

Mike Leon 

G e r a s d  Insol ia  

Jack Robertson 

B i l l  Schreff l e r  

Daniel Vallelian 

TOTALS = 

HOURS 
ENGINEERING TECHNICIAN CLERICAL TOTAL 

8 

4 .  

6 

6 

5 

14 

L? 

2 

3 

3 

8 

8 

4 

8 

6 

8 

17 

51 
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